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METHOD AND SYSTEM FOR SIMULATION 
MULTIMEDIA PACKET LOSS AND JITTER 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application priority under 35 U.S.C. 119(e) to 
US. provisional patent application No. 60/666,345 entitled 
“EMTA VoIP packet loss and jitter simulator,” Which Was 
?led Mar. 30, 2005, and is incorporated herein by reference 
in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to commu 
nication devices, and more particularly to testing of media 
terminal adaptors and related equipment. 

BACKGROUND 

[0003] Cable data systems are used to alloW cable TV 
subscribers use the Hybrid-Fiber-Coax network as a com 
munication link betWeen their home networks and the Inter 
net. As a result, computer information (Internet Protocol 
packets) can be transmitted across the Hybrid-Fiber-Coax 
netWork betWeen home computers and the Internet. The 
DOCSIS speci?cation (de?ned by CableLabs) speci?es the 
set of protocols that must be used to effect a data transfer 
across the Hybrid-Fiber-Coax netWork. TWo fundamental 
pieces of equipment permit this data transfer: a cable modem 
(CM) Which is positioned in the subscriber’s home, and a 
Cable Modem Termination System (CMTS) Which is posi 
tioned in the head end of the cable TV company. 

[0004] In addition to data tra?ic, subscribers are more and 
more obtaining telephony voice services over netWorks 
other than the traditional public sWitched telephony netWork 
(“PSTN”). A multiple services operator (“MSO”) may pro 
vide such telephony services, in addition to data over cable 
service via DOCSIS. For example, CableLabs has estab 
lished the PacketCable standard for providing telephony 
services over cable. A subscriber typically has a device that 
includes a DOCSIS cable modem for transmitting and 
receiving data and a media terminal adaptor (“MTA”) for 
processing voice traf?c for transmission and reception over 
cable. 

[0005] Subscribers from time to time may experience 
degraded service in the ?eld due to packet loss and jitter. To 
evaluate and correct such degradation, equipment vendors 
may need to reproduce the jitter and packet loss conditions 
in a lab to facilitate determining and counteracting the cause 
of the degradation. HoWever, standard netWork impairment 
test equipment is costly 

[0006] Thus, there is need for a method and system for 
simulating netWork impairments for testing ?eld scenarios 
on an MTA that is lest costly than purchasing and using 
standard netWork impairment equipment 

SUMMARY 

[0007] Impaired netWork conditions are simulated by 
dropping packets or applying delay to packets in a How 
having a nominal packet rate. A packet of the How is 
received into a queue. A delay amount for holding the packet 
in the queue is calculated based on an impairment condition 
command input With an interface and based on the current 
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delay variable. The current delay variable value is deter 
mined based on its value of and the delay amount deter 
mined for the previous packet in the How. The packet is 
released from the queue after the calculated delay amount 
value has elapsed in reference to the release of the imme 
diately previous packet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 illustrates a netWork diagram shoWing a 
loss/jitter simulator betWeen an MTA device and an HFC. 

[0009] FIG. 2 illustrates a How diagram of a method for 
simulating packet loss and/or jitter packets reach an MTA. 

[0010] FIG. 3 illustrates some packet delay scenarios. 

DETAILED DESCRIPTION 

[0011] As a preliminary matter, it Will be readily under 
stood by those persons skilled in the art that the present 
invention is susceptible of broad utility and application. 
Many methods, embodiments and adaptations of the present 
invention other than those herein described, as Well as many 
variations, modi?cations, and equivalent arrangements, Will 
be apparent from or reasonably suggested by the present 
invention and the folloWing description thereof, Without 
departing from the substance or scope of the present inven 
tion. 

[0012] Accordingly, While the present invention has been 
described herein in detail in relation to preferred embodi 
ments, it is to be understood that this disclosure is only 
illustrative and exemplary of the present invention and is 
made merely for the purposes of providing a full and 
enabling disclosure of the invention. This disclosure is not 
intended nor is to be construed to limit the present invention 
or otherWise to exclude other embodiments, adaptations, 
variations, modi?cations and equivalent arrangements, the 
present invention being limited only by the claims appended 
hereto and the equivalents thereof. 

[0013] Turning noW to the ?gure, FIG. 1 illustrates a 
netWork diagram shoWing a system 5 for using a loss/jitter 
simulator betWeen an MTA device and an HFC. A CMTS 10 
located at head end 12 transmits doWnstream voice packets 
toWards a subscriber’s premises 14 across HFC 16. At the 
subscriber’s premises 14, the subscriber typically uses 
premise equipment 18 that includes cable modem (“CM”) 
circuitry and MTA circuitry for processing packets carrying 
voice signals. A simulator 20 is installed betWeen packet 
queue 26 and DSP 22. Simulator 20 may be coupled to 
computer 24, or similar device, for providing command and 
control functionality over the simulator. Simulator 20 is 
preferably a softWare application that intercepts packets 
from queue 26 and processes them as needed to induce delay 
and jitter. A user sends and receives voice information using 
telephone 28. 

[0014] It Will be appreciated that the use of simulator 20 
is in the laboratory environment, and system 5 is illustrated 
shoWing the logical position of the Where the simulator With 
respect to the netWork. HoWever, simulator 20 may be 
located in the device 18 as shoWn, or external to the 
customer device (cable modem/MTA). 

[0015] Turning noW to FIG. 2, a How diagram of a method 
200 is illustrated shoWing a process for simulating the effects 
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on packets in a network of certain network conditions. The 
simulator process waits on packets and receives them at step 
210. The packets may be part of a stream of packets 
containing voice/telephony information over a protocol, 
such as, for example, Real Time Protocol (“RTP”). At step 
215, the simulator determines what condition, or conditions, 
is/are to be simulated by inducing loss or jitter into the ?ow 
of packets by dropping packets or delaying packets, respec 
tively, according to a predetermined command. It will be 
appreciated that a combination of loss and or jitter may be 
induced, and the loss and jitter modes include a variety of 
loss/jitter conditions. The current packet is stored to queue 
26 shown in FIG. 1 to await processing according to the 
simulation operation to be carried out based on a user input 
command. 

[0016] A command may be input to the simulator using a 
computer device coupled to the simulator. Typically, a 
command line interface accepts command input from a user 
and controls the simulator in response to the command. 
Examples of the loss/jitter conditions that may be imple 
mented by the simulator include instant, ?xed or random 
loss modes, and instant, ?xed, shift, burst, random, or rolling 
modes. 

[0017] It is noted that jitter conditions that are input at step 
215 may be of a recursive nature and that some knowledge 
of previous states may be used to calculate at step 217 an 
amount of delay DELINST to apply to a packet to simulate 
various impairment condition scenarios. For a given itera 
tion through method 200, the current time delta DELCUR 
between actual packet insertion and nominal packet inser 
tion is used at step 217. 

[0018] If the condition to test is for dropped packets, a 
determination is made at step 220 that a packet is to be 
dropped. The process follows the ‘Y’ path at step 220, and 
the current delay amount DELCUR is adjusted at step 225. If 
DELCUR is less than or equal to the current packet rate then 
DELCUR is adjusted to Zero at step 226 (a typical packet rate 
is one packet every 20 milliseconds). If DELCUR is greater 
than the period corresponding to the current packet rate then 
the current packet rate period is subtracted from DELCUR in 
step 227. Thus, for example, if the nominal packet rate is one 
packet per 20 milliseconds, then a delay amount of 20 mS 
is subtracted from DELCUR and is stored for later use. The 
packet stored in queue 26 is ‘dropped’ at step 230 by clearing 
it from queue 26, which receives another packet at step 210. 
It will be appreciated that the delay value variable DELCUR 
is adjusted at step 226 or 227 for potential use on the next 
iteration at step 217. 

[0019] Continuing with the description of FIG. 2, if the 
condition to be simulated does not require that a packet be 
dropped, the ‘N’ path from step 220 is followed to step 235. 
At step 235, a determination is made whether to induce 
additional delay (delay may already have been introduced 
during a prior iteration of method 200; thus, additional delay 
may not be needed). If, according to user input commands, 
no additional instantaneous delay needs to be induced, the 
current total delay DELCUR variable is adjusted at step 240. 
If DELCUR is less than or equal to the current packet rate 
then DELCUR is adjusted to Zero at step 241 (typical packet 
rate is one packet every 20 milliseconds). If DELCUR is 
greater than the current packet rate then the current packet 
rate is subtracted from DELCUR in step 242. The packet is 
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then sent to the DSP to be processed at step 245. Following 
step 245, process 200 returns to step 210 to receive another 
packet. 

[0020] If at step 235 a determination is made that delay 
should be added to the current packet to simulate a condition 
as requested by user input, process 200 follows the ‘Y’ path 
at step 235. At step 250, a determination is made whether the 
current value of delay DELC is less than the packet rate. If 
yes, process 200 follows the ‘Y’ path and the current delay 
DELCUR is set equal to the desired instantaneous delay 
DELINST at step 255. At step 260 the packet is delayed for the 
amount of desired instantaneous delay, which is DELINST. 
Following the delay the packet is then sent to the DSP to be 
processed at step 265. Process 200 returns to step 210 to 
receive additional packets. 

[0021] If at step 250 the current delay variable value 
DELCUR is determined to be greater than or equal to the 
current packet rate, the process follows the ‘N’ path to step 
270. At step 270, the current delay DELCUR is set equal to 
the existing delay variable value DELCUR plus the desired 
amount of instant delay to be applied to the packet DELINST 
minus the packet rate RATEPKT to arrive at a new value for 
variable DELCUR. This formula that is applied at step 270 
allows process 200 to always keep accurate track of the delta 
between when a packet would have nominally been deliv 
ered, based on the network system packet rate, to the DSP 
and when it actually will be delivered. The process continues 
to step 260, where the desired instantaneous delay is applied 
to the current packet by delaying it by an amount equal to the 
DELINST before the packet is sent to the DSP at step 265. 
Process 200 returns to step 210 to receive additional packets 
as described above. 

[0022] It will be appreciated that the variable DELCUR is 
tracked for a few reasons. One reason is to prevent the queue 
from becoming full and over?owing due to large delay 
values. For example, if a long term jitter algorithm has been 
applied in step 217 then a situation could present itself where 
queue 26 has no more free space left. By accurately tracking 
DELCUR, method 200 may partially or fully purge the queue 
when and if such a situation is reached. Likewise, DELCUR 
can also be used to implement more complex jitter algo 
rithms that may need to track a total delta from nominal 
packet delivery. 

[0023] For example, if a particular algorithm wanted to 
shift a group of packets for a user-speci?ed amount of time, 
release the built-up packets in the queue caused by the initial 
shift, and then start another delay cycle, the DELCUR is used. 
It is useful during each iteration of process 200 to decide 
when to implement a speci?c instantaneous delay for that 
cycle or when to release built-up packets with no delay. 
Accordingly, if a packet is to be dropped or no delay is to be 
inserted, as long as the current delay value is less than the 
packet rate, DELCUR is set to Zero. If the value DELCUR is 
greater than the packet rate, then it is adjusted down by the 
current packet rate to account for the current packet being 
processed. If delay is to be inserted, as long as the current 
delay value is less than the packet rate, DELCUR is set to 
DELINST. If the value DELCUR is greater than the packet 
rate, the formula shown in step 270 is followed. This 
normalizing of the total current packet delivery delay to the 
DSP ensures that the desired amount of delay is properly 
applied to the next packet. 
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[0024] Use of the DELCUR value is shown in FIG. 3. The 
legend across the top of FIG. 3 indicates 20 mS increments. 
Scenario A shoWs a normal How of packets at a 20 mS packet 
rate. In scenario B, a desired 10 mS instantaneous delay is 
induced to the second packet. Thus, DELCUR=l0 mS. 

[0025] Scenario C shoWs a 10 mS delay to the second 
packet as in scenario B, and a desired 30 mS delay to the 
third packet. Accordingly, because 10 mS§20 mS, the 30 
mS delay to the third packet is applied to the packet’s normal 
arrival time of 40 mS, and the third packet is delivered at 
T=70 mS. In scenario C, DELCUR=0 mS after the ?rst packet 
is processed, DELCUR=IO mS after the second packet is 
processed (DELCUR=DELINST=IO mS), and DELCUR=30 
mS after the third packet is processed (DELCUR=DELINST= 
30 mS). 

[0026] Scenario D shoWs the outcome if the ‘N’ path from 
step 250 is folloWed. This time a 30 mS delay (DELINST) is 
added to the second and third packets. In scenario D, 
DELCUR=0 mS after the ?rst packet is processed, DELCUR= 
30 mS after the second packet is processed (DELCUR= 
DELINST=30 mS), and DELCUR=40 mS after the third 
packet is processed (DELCUR=DELCUR+DELINST— 
RATEPKT). If after delivery of this third packet at the 80 mS 
mark the speci?c jitter procedure instructs a return to a 
nominal packet injection state, the next tWo packets could be 
instantly released from queue 26 to return to DELCUR=0 
(DELCUR=DELCUR_RATEPKT_RATEPKT=0)' 
[0027] The above scenarios depict some simple examples 
of hoW to track the current delay for a speci?c packet. 
Without this tracking mechanism, implementing complex 
recursive jitter procedures in step 217 becomes very diffi 
cult. 

[0028] BeloW is a summary of some possible modes of 
degradation that may be introduced into a packet stream by 
simulator 20, as shoWn in FIG. 1: 

Loss Modes: 

[0029] Instant only: Drop the next X packets as soon as 
they enter the tool. Can be used to implement speci?c 
instantaneous dropped packet scenarios. 

[0030] Fixed mode: Drop X sequential packets every Y 
milliseconds. 

[0031] Random mode: Drop X percentage of packets 
psuedo-randomly. 

Jitter Modes: 

[0032] 
time 

Instant only: Delay the next packet by the speci?ed 

[0033] Fixed Mode: Oscillating delay of time X ms. 

[0034] Shift Mode: Shift a group of evenly spaced packets 
by X ms for a speci?ed percentage Y of each second. 

[0035] Burst Mode: Insert a constant delay of time X ms 
betWeen packets for a speci?ed percentage Y of each 
second. 

[0036] Random Mode: Insert a psuedo-random max delay 
of X ms for a psuedo-random max percentage Y of each 
second. 
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[0037] Rolling Mode: Increase the inter-packet delay by 
delta X ms up to an upper-bound then burst the remaining 
queued packets. Also done for a percentage Y of each 
seconds. 

[0038] These and many other objects and advantages Will 
be readily apparent to one skilled in the art from the 
foregoing speci?cation When read in conjunction With the 
appended draWings. It is to be understood that the embodi 
ments herein illustrated are examples only, and that the 
scope of the invention is to be de?ned solely by the claims 
When accorded a full range of equivalents. 

What is claimed is: 
1. A method for simulating impaired packet conditions in 

a packet ?oW having a nominal ?oW rate from a ?rst device 
to a second device over a netWork, comprising: 

receiving a packet of the How from the ?rst device into a 
queue at the nominal ?oW rate; 

calculating a delay amount DELINST to retain the packet 
in the queue based on an impairment condition com 
mand and based on a current delay variable value 
DELCUR, Wherein the current delay variable value 
DELCUR is determined based on previously determined 
values of DELCUR and DELINST for the previous packet 
in the How; and 

releasing the packet from the queue after the calculated 
delay amount value DELINST has elapsed in reference 
to the releasing of the immediately previous packet 
from the queue. 

2. The method of claim 1 Wherein the current delay 
variable is set to a value equal to a desired amount of delay 
if the desired amount of delay is less than the packet rate of 
the packet How. 

3. The method of claim 1 Wherein the current delay 
variable is set to a value based on a normaliZed delay value 
for a previously delayed packet. 

4. The method of claim 3 Wherein the normaliZed delay is 
based on the difference betWeen the value of the delay 
variable for the previous iteration and the netWork’s packet 
rate. 

5. The method of claim 3 Wherein the current delay 
variable value is the delay variable value that Was applied to 
a preceding packet in the packet ?oW plus the desired delay 
to be added to the current packet minus the netWork packet 
rate. 

6. The method of claim 1 further comprising determining 
a modi?cation to the second device that minimiZes effects 
thereto When netWork conditions cause an impairment of 
packet ?oW that is similar to the conditions simulated 
according to the predetermined current delay variable value. 

7. A method for simulating impaired packet conditions in 
a packet ?oW from a ?rst device to a second device over a 

netWork, comprising: 

receiving a packet from the ?rst device; 

calculating a delay amount DELINST to apply to the 
packet based on an impairment condition command and 
based on a current delay variable value DELCUR, 
Wherein the current delay variable value is determined 
based on previous calculated DELINST corresponding 
to previous packets of the How; and 

processing the packet according to the command. 
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8. The method of claim 7 wherein the command is to drop 
the packet from the packet How. 

9. The method of claim 7 Wherein the command is to 
delay delivery of the packet to the second device. 

10. The method of claim 9 Wherein the current delay 
variable is set to a value equal to a desired amount of delay 
if the desired amount of delay is less than the packet rate of 
the packet How. 

11. The method of claim 9 Wherein the current delay 
variable is set to a value based on a normaliZed delay value 
for a previously delayed packet. 

12. The method of claim 11 Wherein the normalized delay 
is based on the difference betWeen the value of the delay 
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variable for the previous iteration and the netWork’s packet 
rate. 

13. The method of claim 11 Wherein the current delay 
variable value is the delay variable value that Was applied to 
a preceding packet in the packet ?oW plus the desired delay 
to be added to the current packet minus the netWork packet 
rate. 

14. The method of claim 7 further comprising determining 
a modi?cation to the second device that minimiZes effects 
thereto When netWork conditions cause an impairment of 
packet ?oW that is similar to the conditions simulated 
according to the predetermined current delay variable value. 

* * * * * 


